INTRODUCTION
Recently a range of calcium phosphate technologies have been developed to enhance the ability of fluoride to prevent demineralization and promote remineralization. 1 These technologies can be divided into the following types: i) crystalline, such as functionalized tricalcium phosphate (fTCP), 2 ii) glasses, such as calcium sodium phosphosilicates (NovaMin), 3 (iii) unstabilized, such as the Amorphous Calcium Phosphate technology (ACP) 4 and (iv) stabilized, such as casein phosphopeptide amorphous calcium phosphate nanocomplexes (CPP-ACP). 5 Many of these technologies have been incorporated into crèmes, dentifrices, bleaching agents, restorative materials and more recently into fluoride varnishes.
The integrity of the dental hard tissues relies on the oral fluids being saturated or supersaturated with respect to tooth mineral. Therefore, having sufficient levels of bioavailable calcium, phosphate and hydroxide or fluoride ions in the oral fluid bathing the teeth is essential. Fluoride varnishes were developed in the 1960's to provide an additional intra-oral reservoir of fluoride ions. 6 Since then, substantial clinical testing has validated their caries preventive efficacy with a meta-analysis concluding that the D(M)FS pooled preventive fraction estimate was 46%. 7 Fluoride varnishes are proposed to promote the formation of intra-oral fluoride reservoirs due to the formation of calcium fluoride (CaF 2 ), "calcium fluoride-like" or biologically/bacterially bound calcium fluoride (CaF + ). 8 As such, the formation of these reservoirs is limited by calcium ion and fluoride ion availability. 8 Therefore, there is a sound rationale for the addition of calcium ions to fluoride containing varnishes in an attempt to produce an increased retention of fluoride and calcium ions in the oral environment. Additionally, the remineralization potential of saliva is also calcium limited 12 Hence, the aim of this study was to determine the fluoride, calcium and inorganic phosphate ion release from a variety of calcium and fluoride containing varnishes. The null hypothesis was that there would be no significant differences in ion release from the different varnishes.
MATERIALS AND METHODS

Varnish selection
Five dental varnishes were selected for analysis (Table 1) 
Ion release
Seven polyvinyl chloride plastic strips (Clear Binding Covers; Cumberland, NSW, Australia), 40 mm long by 20 mm wide, were completely coated with a single layer of one of the different varnishes. The amount of varnish painted on each strip was determined by weighing 
Photography
Digital images of varnish samples were taken at baseline, 24 hours and 168 hours of exposure to the water. Images were captured using a digital camera (Model D2X; Nikon, Tokyo, Japan) fitted with a macro lens (Lens AF Micro NIKKOR 105 mm; Nikon, Tokyo, Japan) under standardised lighting conditions (Prolinca 2500 flash head; ELINCHROM, Geneva, Switzerland). 
Data analysis
Data sets were analysed for normality and equality of variance and means compared using a one-way ANOVA with Dunnett T3 post hoc using SPSS version 17.0 software (SPSS, Chicago, IL, USA). For all statistical tests, the significance level was set at α = 0.05.
RESULTS
Calcium ion release
The cumulative calcium ion release from the varnishes expressed as µmol per g of varnish is shown in 
Inorganic phosphate ion release
The cumulative inorganic phosphate ion release expressed as µmol per g of varnish is shown in Table 3 . Only MI Varnish and Enamel Pro varnish were found to release detectable levels of inorganic phosphate ions at all time points. Enamel Pro released the greatest amount of inorganic phosphate at all time points and this release was rapid with the majority released within 24 hours. MI Varnish had a more prolonged inorganic phosphate ion release profile.
Clinpro White released low levels of inorganic phosphate that were only detectable after 24 hours of exposure. Bifluorid 5 and Duraphat did not release detectable levels of inorganic phosphate. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Table   4 ).
Fluoride ion release
Photography
Images of the varnishes at baseline, 24 hours and 168 hours are shown in Figure 1 . The varnishes behaved differently after exposure to water with the Clinpro White appearing unstable with the varnish bubbling. Bifluorid 5 became more visible after water exposure.
Duraphat became less orange whereas the Enamel Pro and MI Varnish did not appreciably change in appearance.
DISCUSSION
Fluoride varnish has a short life span in the oral environment as it is removed by the action of the cheeks and tongue, salivary flow, mastication and oral hygiene procedures. Therefore, varnishes should release their ions in a relatively short time period before the varnish is lost.
It has been estimated that varnishes only remain in situ for up to 24 hours. 13 Therefore, in this in vitro study three of the five release time points examined were in the first 24 hours.
Differences were found in the ion release of calcium, inorganic phosphate and fluoride ions from the different varnishes therefore the null hypothesis was rejected.
Duraphat was chosen as the positive control in this study as it is a commonly used After 7 days exposure they found Duraphat released approximately 30% of its total fluoride which was similar to the 33% release into distilled deionized water found in this study after the same exposure period. Distilled deionized water will be undersaturated with respect to all solid calcium phosphate fluoride phases so ion release from the varnish in this environment may occur more readily than in saliva.
Considering the fluoride ion release of the varnishes first, it is important that the addition of calcium and phosphate ions do not reduce the availability of fluoride ions as it is the fluoride that has been shown in clinical trials to provide the caries preventive efficacy of the varnish. 7 All calcium-containing varnishes were found to have a cumulative release of fluoride ions at 24 hours that was similar or better than that of the positive control Duraphat. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 14 High inorganic phosphate levels may also be problematic for the formation of loosely bound fluoride reservoirs as they can inhibit the formation of CaF + and CaF 2 and favour the formation of fluorapatite. 15 The formation of fluorapatite ectopically will effectively decrease the fluoride ion activity and may promote calculus formation.
Therefore, the high inorganic phosphate release from Enamel Pro varnish may be counter productive in terms of localising bioavailable fluoride ions in the oral environment.
Recently a study by Schemehorn et al. 13 examined the fluoride uptake into or onto sound and demineralized bovine enamel that had been treated with an ACP (Enamel Pro) and The varnishes were applied to the sound enamel core adjacent to a demineralized core and then both were exposed to artificial saliva for 24 hours. It was found that the ACP varnish promoted significantly more fluoride deposition into or onto sound and demineralized enamel than the fTCP containing varnish.
The authors postulated that this was due to the ACP varnish containing a higher level of available calcium and phosphate ions. 13 The 24 hour ion release data from the current study are consistent with this explanation as the ACP containing varnish had significantly higher 24 hour release of calcium, inorganic phosphate and fluoride ions than the fTCP containing varnish. However, it is not known whether the ACP containing varnish deposited this strongly bound fluoride onto the surface or within the enamel and as discussed earlier strongly bound fluoride as ectopic fluorapatite may be of limited value in influencing the dynamics of the dental caries process. The authors of that study did not measure the loosely bound fluoride released by the ACP containing varnish. The low release of calcium and inorganic phosphate ions from Clinpro White may be explained by a low amount of fTCP being added to the varnish or by the very low solubility of tricalcium phosphate.
Overall the MI Varnish had good release of calcium and inorganic phosphate ions which is consistent with the bioavailable nature of CPP-ACP contained within the varnish. 16 The fast release of the ions from MI Varnish under the relatively neutral conditions studied may be attributed to the high water solubility of the CPP-ACP complexes. 16 Enamel Pro had a high release of inorganic phosphate ions and lower release of calcium ions which is consistent with the order of ingredients listed on the material safety data sheet ( Table 1 ). The 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
CONCLUSION
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